Abstract-The essence of grounding in power systems is very essential. This paper presents the performance and characteristic of backfill material such as bentonite and conductive cement. The backfill materials pay a pivotal role in controlling ground impedance of the soil. Protective devices are normally used to divert an excessive current during lightning strikes through earth rode to avoid damages to the equipment. Swaziland has been experiencing a lot of power failures due to lightning especially during rainy season. Most of their transformers has been lost because of this problem. Most of Swaziland network is overhead which is exposed to lightning. It is thus important to design an effect earthing system that will be able to protect the equipment during fault conditions. In this study, it has been found that the behaviour of backfill material depends on the voltage applied. It was also found that the time to breakdown in comparison between bentonite and conductive cement. This paper highlights some of the aspects need to take into consideration for grounding for a country like Swaziland.
INTRODUCTION
Due to the geographical nature of the kingdom of Swaziland, the utility has been experiencing problems of overhead transformer failures due to lightning especially during rainy season. Most of these problems are due to grounding. An excellent design of earthing/ grounding system is essential to dissipate faults currents to earth effectively regardless of the faults [1] . Overvoltage protective devices such as surge arresters and protective equipment are used to divert high lighting surges from line to earth through an earth electrode. It is imperative to design an effective earthing system that will be able to protect the equipment during fault conditions [1] [2] [3] [4] . However, the design depends on two factors, which are soil properties and dimensions of electrodes. The common practices to achieve low grounding resistance include installation of Ufer ground and backfilling with grounding improvement material such as Bentonite and conductive cement [5] [6] [7] II.
PROBLEM STATEMENT
During the last few decades several naturally occurring and commercially manufactured materials have been introduced into the electrical engineering sector for enhancing the performance of grounding systems. Although most of these materials have been tested under steady state conditions, they have not been investigated, most often, for their behavior under impulse conditions. In the event of dispersing lightning current into the soil without generating dangerous potential gradients, the grounding electrode impedance plays a much more significant role than the ground resistance does. This study has been undertaken to fill up this vacuum in the scientific knowledge base.
III . THE EFFECT OF LIGHTNING

A. Direct stroke
A lightning cloud to ground discharge, strikes an object directly, such as overhead power line and it can result in significant damage. When lightning hits mid-span on a power line, the current divides and then propagates. Direct effects mostly result in physical damage and coupled fire hazards. The injected voltages and currents linked with direct strokes are much higher compared to indirect strokes; therefore, have the ability even to damage power and distribution equipment.
Common victims of direct stroke are: electrical motor insulation, explosion of power distribution transformers.
B. Indirect stroke
978-1-5090-3751-3/16/$31.00 ©2016 IEEE A lightning cloud to ground discharge hits the nearby ground. Voltage induced on electrical equipment, power line, has four components:
• The charged cloud above the line induces bound charges on the line while the line itself is held electrostatically at ground potential by the neutrals of connected transformers and by leakage over the insulators. When the cloud is partially or fully discharged, theses bound charges are released on the line giving rise to the travelling voltage and current waves.
• The charges induced by the stepped leader further induce charges on the line. When the stepped leader is neutralised by the return stroke, the bound charges on the line are released and thus produce travelling waves similar to that caused by the cloud discharge.
• The residual charges in the return stroke induce an electrostatic field in the vicinity of the line and hence induced voltage on it.
• The rate of change of current in the return stroke produces a magnetically induced voltage on the line -Induction effect
Lightning is the major cause of stray voltage and this leads to the occurrence of electrical potential between two objects that ideally should not have voltage difference between them. Large voltages can appear on the enclosures of electrical equipment due to a fault in the electrical power system, such as a failure of insulation.
VI.
OVERHEAD TRANSFORMER LIGHTNING PROTECTION Protection devices for transformers during lightning
A. Surge arrestors
Surge arrestors are MOV (Metal oxide varistor) based devices that protect Distribution networks from overvoltage occurrences. These devices are designed to protect electrical equipment (transformers) from the damaging effects of spikes and transients by changing the impedance to earth and keeping equipment to safe voltage differentials. Surge arrestors are connected to the conductor in series with the cut-out fuse just before it enters the transformer. They are also connected to ground by means of an earth wire and functions by routing energy from an overvoltage transient to ground if it occurs, while isolating the conductor from ground at normal operating voltages. Table 1 shows the specifications for two types of 12kV Polymeric Metal-oxide surge arrestors that are currently used in the network. Surge arrestors are not generally designed to protect against direct lightning strikes, but rather against electrical transients resulting from lightning strikes occurring in the vicinity of the conductor [13] .
V. EARTHING OF OVERHEAD TRANSFORMERS
The method of earthing that is being used to ground transformer is the crowfoot method. In this method of earthing as it is used by Swaziland utility, the earth wire from the body of the transformer and the bottom of the surge arrestor, is connected to an earth electrode 1m away from the structure carrying the transformer and buried 500mm below the soil level. Subsequent earth electrodes are then connected at 45° angle apart and 5m from the main electrode. This is done to achieve a total earth resistance that is below 10 ohms.
The earthing of the transformer HT is separated by over 5m from that of the LT, with the trenches dug in opposite direction to avoid feedback. 90° bends and joints are always avoided when laying the earth wire. Challenges faced with the crowfoot earthing as observed on site were; Earth wire having earth clamp joints on the earth electrodes below the soil surface, as a result that constitutes a resistance path and the transformer a low resistance path for over-voltages. Soil composition type was not studied in order to design the suitable earthing method for the area. Study the characteristics and performance of soil samples from two different regions and backfill materials, under lightning impulse voltage waveform (1.2/50μs). Soil is the target point for electrical charge dissipation during a lightning strike or an overvoltage. To design an effective earthing system, you therefore need to know these qualities to avoid this kind of catastrophe
VI. EXPERIMENT
The following tests were conducted to determine the characteristics and the performance of soil and backfilling.
A. Impulse testing
The laboratory tests were conducted at a high voltage lab to study the performance and characteristic of backfill materials (Soil, Bentonite and Cement) under lightning impulse voltage waveform (1.2/50 μs).
B. Experimental setup
A standard Impulse test with 1.2/50 μs lightning impulse was used and the following reading was taken at 08h52 Room temperature, = 23ºC Humidity H (%) = 45 Pressure = 85.2 Kpa Gap length = 1cm
Container and Rod
Container was made up of Perspex material with a rectangular shape, length 35 cm, height 28 cm and side 25 cm. The thickness of the container was 4 mm. The base of the container was aluminum was the thickness of 4.5 mm. The base or shell of the container was connected to the earth wire of the Max generator A copper rod of a height 1.2 m was chosen for the test with a diameter of 2 cm. The container was filled in with the backfilling material with of 17 cm. The air gap between the electrode and the surface of the container was 7 cm. The electrode was connected to the high voltage lead of the Max generator. The same electrode configuration was used for all the stages of the tests. A crane was used to hold the rod since it was a little heavier 
Voltage Divider
A damped capacitive impulse voltage dividers impulse voltages, tail chopped impulse voltages and switching impulses were used. The tests were conducted for various voltage on different backfilling materials levels up to 220 KV. The max generator was set up to five stages for it to give 220 KV. Impulse tests for both polarities were performed on the backfilling material "Soil, bentonite and cement" Soil Soil samples tested are not just any soil, but those from feeders which has problems when lightning strikes the line VII. RESULTS Figure 3 shows the different behaviours of breakdown characteristics under positive and negative polarity for Siphocosini region soil. The blue line represents the positive polarity and the red negative polarity. From the curves, it can be seen that the air gap reaches to breakdown faster for positive polarity than for negative polarity In figure 4 , the soil shows the different behaviours of breakdown characteristics under positive and negative polarity for LaMgabhi region soil. It can therefore be seen that the LaMgabhi region soil almost exhibits a similar behaviour under the both polarities even though it breaks faster for the positive polarity. Figure 6 shows behavior of conductive cement during impulse test, conductive cement with the blue line represents the positive polarity and red line for negative polarity.
A. Siphocosini region soil
B. LaMgabhi region soil
C. Bentonite
VIII CONCLUSION
The goal of any grounding systems is to provide a low impedance path or transit current to the earth. Protective devices are commonly used to reroute high lightning strikes from the lines via earth-spikes. A proper and effective design is imperative to avoid equipment damage. The soil consists of materials that can either be good or poor conductor of electricity. One of the main functions of earthing system is to ensure that equipment's are protected against any fault occurrence. Earthing system under discharge conditions depends on its impulse impedance not power frequency. When they are massive impulse current flows, it causes the soil around the electrode to breakdown resulting in a decrease in resistance. [8] [9] [10] [11] [12] The effects of impulse polarities (positive and negative) and earth rode dimension on different backfill materials under impulse were investigated in this study. A selected backfill material to improve earthing may not turn out to be necessary to formulate a backfill material for a given soil. A selected backfill material to improve earthing may not be universal for all earthing points along the feeder, given that the soils responses are not necessarily the same. It is only from the tests (+ve andve impulse tests) that can determine which material is best for which site. Lightning can be +ve stroke or -ve , hence the significance of the tests were relevant
